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CLOCK SHAPING DEVICE AND ELECTRONIC INSTRUMENT USING 

THE SAME 
BACKGROUND OF THE INVENTION 
[0001 ] Technical Field to which the Invention Belongs 
[0002] The present invention relates to a clock shaping device 
used as an oscillator for network synchronization, and more particularly 
to a clock shaping device capable of securing synchronization for a certain 
period even during a free-run, by switching among a reception clock signal 
with jitter, a back-up clock signal in sync with a clock signal distributed 
from a master station, and a quartz crystal oscillation circuit held therein. 

[0003] Prior Art 

[0004] The role of a clock signal in a network is to distribute a 
common frequency throughout the network to provide synchronization in 
the network. A range within which the frequency is distributed depends 
on the basic configuration of the network, and a network of a network 
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synchronization type is constructed in the case of a long distance 
communications system. In the network of the network synchronization 
type, a single master station or quasi-master station distributes a clock 
signal at the reference frequency (hereinafter, referred to as the reference 
clock signal), and the reference clock signal is played back in every node 
within the network so as to be distributed within all the nodes. In this 
system, all the circuits within the network operate according to the clocks 
having the same frequency accuracy, which enables 
transmission/reception processing, such as multiplexing/separation of 
data, and insertion/extraction of information with the use of a memory, to 
be performed quite easily. 

[0005] FIG. 7 is a view schematically showing the configuration of 
a digital network of a master- slave synchronization system, which is one 
type of the network synchronization. A reference clock signal for 
synchronization, having the frequency of fO, is distributed from a master 
station M to a station A and a station B used as slave stations. As is 
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shown in FIG. 7, transmission/reception processing is normally performed 
in transmission portions A and B and reception portions A and B, 
according to a reception clock signal which is timing-extracted from 
reception data from the transmission path in timing-extracting portions A 
and B in the transmission apparatus installed in the respective slave 
stations. 

[0006] For example, when line trouble occurs in a repeater 1 in a 
downlink from the slave station A to the slave station B and data cannot 
be transmitted properly, the slave station B is not able to receive the 
reception data normally, which makes it impossible to play back the 
reception clock signal in the timing-extracting portion B in the 
transmission apparatus B installed in the slave station B. This gives rise 
to the pulling out of synchronization in the slave station B, and the 
reception clock signal is switched to a back-up clock signal fO in a clock 
supply apparatus B, which is in sync with the reference clock signal 
distributed from the master station M, The transmission/reception 
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processing is performed according to this back-up clock signal fO in the 
transmission apparatus B, which continues until the trouble in the 
repeater 1 on the transmission path is eliminated. When the trouble is 
spread and the reception clock signal extracted from the reception data 
from the repeater 1 is detected as being normal, the back-up clock signal 
is switched to the reception clock signal. 

[0007] FIG. 8 is a block diagram showing the configuration of a 
conventional clock shaping device used in the transmission apparatus or 
the like forming the master-slave synchronized communications system. 
The clock shaping device is generally referred to as a jitter lowering 
circuit, and adopts the configuration that uses a PLL circuit having a 
voltage controlled oscillation circuit VCO or the like. In order to improve 
the phase noise and the jitter characteristic, as is shown in FIG. 8, some 
types of the clock shaping device use a voltage controlled quartz crystal 
oscillator VCXO or a voltage controlled SAW oscillator (VCSO) using a 
SAW (Surface Acoustic Wave) resonator instead of the voltage controlled 
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[0008] Into an input terminal FIN of the clock shaping device 
shown in FIG. 8 is inputted either of the clock signals (the reception clock 
signal in a normal state) selected in an unillustrated selection portion that 
switches between the reception clock signal and the back-up clock signal. 
A phase comparison portion 11 compares the phases between the clock 
signal thus inputted and a clock signal from a voltage controlled SAW 
oscillator (VCSO) 13a. The resulting phase difference signal is outputted 
to a loop filter 12, so that it is used as a control voltage Vc for frequency 
control in the voltage controlled SAW oscillator (VCSO) 13a. In this 
instance, when an omission of several clocks is detected in the clock signal 
inputted into the phase comparison portion 11, this information is 
outputted to the outside from an output terminal ALM in the form of an 
alarm signal, which is one of the factors to switch the clock signals to be 
inputted into the clock shaping device. 

[0009] A communications device represented by an electronic 
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instrument in recent years has achieved significant speed-ups as its 
communication speed is shifted to a GHz band. Hence, the oscillator or 
the clock shaping device used in the communications device has to meet 
the following^ (l) the frequency stability is high in a high ficequency band; 
(2) temperature compensation is ensured in a operating temperature 
range of the communications device; and further (3) jitter in the clock 
signal outputted from the oscillation circuit or the like is lowered 
markedly. 

[0010] In addition, as the transmission apparatus or the like used 
in the network synchronization system described above reduces the size 
and the cost, there has been a strong need for a smaller, low-cost 
component, including the clock shaping device, used in the transmission 
apparatus or the like. 

[0011] Incidentally, JP-A-8-274633 (Paragraph [0022], FIG. l) and 
JP-A-9-307432 (Paragraph [0019], FIG. l) have disclosed prior arts 
related to a PLL circuit that receives inputs of two clock signals used as 



6 



F009853 



9319S-000694 



the reference and generates a clock signal in sync with the either clock 
signal selected therefrom. JP-A-8-274633 (Paragraph [0022], FIG. l) aims 
to improve the response characteristic when the reference clock signals 
are switched by an input detection circuit. JP-A-9-307432 (Paragraph 
[0019], FIG. l) aims to improve the phase deviation of an output clock that 
depends on a phase difference between the two reference clock signals 
when the reference clock signals are switched by a selection control 
portion. 

[0012] The system and the clock shaping device described above 
have problems (issues) such as the following. 

[001 3] There is an issue such that, when the reception clock signal 
is switched to the back-up clock signal in the event of an error in the 
reception clock signal, a time lag is generated due to a delay of an 
operation in the control system or an operation in the functional block, 
such as the switching switch forming the selection portion or the like, and 
the delay time thus generated delays the synchronous compensation with 
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respect to the trouble. 

[0014] Also, in the event of trouble in the reception clock signal or 
the back-up clock signal, the conventional clock shaping device can do 
nothing but outputs an omission in the back-up clock signal in the form of 
an alarm, and there is an issue that the clock shaping device cannot 
activate synchronous compensating means until the trouble or the like is 
spread. 

[0015] In addition, there is an issue that a clock signal is 
outputted without any compensation for the frequency accuracy in a free- 
run state when neither the reception clock signal nor the back-up clock 
signal is inputted into the clock shaping device. 

[001 6] Further, in the PLL circuit configuration used in the 
conventional clock shaping device, it takes some time to detect an 
omission in the clock signal being inputted and output the detection to the 
outside in the form of an alarm signal due to the time needed as a lock-up 
time, and there is an issue that the synchronous compensation is delayed. 
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[0017] Also, as is shown in FIG. 9, some types of the conventional 
clock shaping device use an output of the voltage controlled quartz crystal 
oscillator VCO or the voltage controlled SAW oscillator VCSO as an output 
of the clock shaping device and also as a feedback loop output of the PLL 
circuit. 

[0018] However, it is not easy to achieve matching, such as 
impedance matching, in an input/output interface and a transmission 
path (in this case, a wiring line path for connection) in a high frequency 
range at several hundred MHz or higher, during the delivery of the clock 
signal in these configurations. Hence, there is an issue that the level of 
the output amplitude is lowered due to mutual influence, and an issue 
that unbalance or a phase difference is generated in the output amplitude 
between the positive and negative outputs in the case of a differential 
output, which causes jitter to be generated. 

[0019] In order to avoid such influence, as is shown in FIG. 10, an 
output buffer driver IC (a buffer 14b in the drawing) fabricated in the 
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form of an integrated circuit (hereinafter, abbreviated to IC) is inserted 
separately in each output portion of the voltage controlled quartz crystal 
oscillation circuit or the voltage controlled SAW oscillation circuit. In this 
case, there is an issue that the number of components is increased by 
adding the output buffer driver IC, which makes a reduction in size and 
cost difficult. 

[0020] The invention was devised to eliminate the issues 
described above, and therefore has an object to provide a clock shaping 
device capable of performing synchronous compensation early in a case 
where synchronization is lost due to trouble in the reception clock signal 
or the back-up clock signal. Also, the invention has an object to provide a 
clock shaping device capable of performing synchronous compensation 
with the use of a quartz crystal oscillation circuit held in the clock shaping 
device even when these clock signals are not supplied. In addition, the 
invention has an object to achieve a clock shaping device that does not 
give direct influence to the clock signal when an output of the voltage 
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controlled oscillation circuit is used as a feedback loop output, and that 
does not generate jitter due to unbalance or a phase difference in output 
amplitude between the positive and negative outputs in the case of a 
differential output. Further, the invention has an object to achieve a 
smaller, lowcost clock shaping device by decreasing the number of 
components without adding the output buffer driver IC. Furthermore, the 
invention has an object to provide an electronic instrument using a clock 
shaping device adapted to the foregoing objects, for example, an electronic 
instrument capable of achieving synchronous compensation early in the 
synchronization system with the use of an optical transceiver module. 

SUMMARY 

[0021] A clock shaping device of the invention is a clock shaping 
device, provided in a transmission apparatus and compensating for 
network synchronization, for receiving an input of a back-up clock signal 
in sync with a reference clock signal from a master station or a quasi* 
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master station and supplied from a clock supply apparatus and an input of 
reception data from a transmission path, and generating a reception clock 
signal through timing-extraction from the reception data, the device being 
characterized by including- a first clock signal selection portion that 
receives an input of the reception clock signal and an input of the back-up 
clock signal, selects either of the clock signals by a first selection signal 
inputted from outside, monitors, when the reception clock signal is being 
selected, a loss in the selected reception clock signal, and switches the 
selected reception clock signal to the back-up clock signal upon detection 
of the loss; a quartz crystal oscillation circuit that oscillates at a 
predetermined frequency; a second clock signal selection portion that 
receives an input of a clock signal from the first clock signal selection 
portion and an input of a clock signal from the quartz crystal oscillation 
circuit, selects either of the clock signals by a second selection signal 
inputted from outside, monitors, when the back-up clock signal is being 
selected, a loss in the selected back-up clock signal, and switches the back- 
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up clock signal to the clock signal from the quartz crystal oscillation 
circuit upon detection of the loss; a voltage controlled oscillation circuit 
whose frequency varies with a control voltage being supplied, and 
generates and outputs a feedback loop output signal; a phase comparison 
portion that generates a phase difference signal based on a result of 
comparison between the feedback loop output signal from the voltage 
controlled oscillation circuit and a clock signal outputted from the second 
clock signal selection portion; and a loop filter that smoothes the phase 
difference signal and outputs the phase difference signal in the form of the 
control voltage. 

[0022] According to the above configuration, the securing of 
synchronization in the system can be compensated for by the back-up 
clock signal when an omission occurs in the reception clock signal for a 
certain time. Further, there can be achieved an advantage that, in a case 
where an omission similar to the aforementioned omission occurs also in 
the back-up clock signal, the securing of synchronization in the system 
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can be compensated for by the clock signal according to the quartz crystal 
oscillation circuit held in the clock shaping device for which the frequency 
accuracy is compensated. 

[0023] A clock shaping device of the invention is characterized in 
that the voltage controlled oscillation circuit includes- a voltage controlled 
phase-shift circuit that outputs an output signal by shifting a phase of an 
input signal by a certain quantity with the control voltage; a SAW 
resonator that resonates at a predetermined resonance frequency; an 
oscillation differential amplifier that amplifies a resonance signal at the 
predetermined resonance frequency and outputs the resonance signal; and 
a feedback buffer differential amplifier that receives an input of an output 
signal from the oscillation differential amplifier, and in that a forward 
feedback oscillation loop is formed from at least the voltage controlled 
phase-shift circuit, the SAW resonator, the oscillation differential 
amplifier, and the feedback buffer differential amplifier, so that one of an 
inverting output terminal and a non-inverting output terminal provided to 
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the feedback buffer differential amplifier outputs the feedback loop output 
signal and the other output terminal outputs a forward feedback 
oscillation loop output signal. 

[0024] According to the above configuration, by avoiding mutual 
influence between the output of the voltage controlled oscillation circuit 
and the feedback loop output, it is possible to prevent the level of the 
output amplitude from being lowered, and to eliminate unbalance or a 
phase difference in output amplitude between the output terminals in the 
case of a differential amplifier. As a consequence, there can be achieved 
an advantage that the generation of jitter induced by the lowered level, 
unbalance, etc. can be prevented. Also, it is no longer necessary to insert 
an output buffer driver IC formed from individual components at the 
output portion of the voltage controlled oscillation circuit in order to avoid 
the foregoing influence, and an increase of the number of components can 
be suppressed. It is thus possible to achieve an advantage that the size 
and the cost can be reduced. 
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[0025] A clock shaping device of the invention is characterized in 
that the voltage controlled oscillation circuit includes- a voltage controlled 
phase-shift circuit that outputs an output signal by shifting a phase of an 
input signal by a certain quantity with the control voltage; a SAW 
resonator that resonates at a predetermined resonance frequency; an 
oscillation amplifier that amplifies a resonance signal at the 
predetermined resonance frequency and outputs the resonance signal; and 
a feedback buffer amplifier that receives an input of an output signal from 
the oscillation amplifier, and in that: a forward feedback oscillation loop 
is formed from at least the voltage controlled phase -shift circuit, the SAW 
resonator, the oscillation amplifier, and the feedback buffer amplifier; 
plural output amplifiers are further included; and an output signal from 
the oscillation amplifier is branched via the plural output amplifiers, and 
any one of output signals is used as the feedback loop output signal. 

[0026] According to the above configuration, the need to add an 
extra component, such as an external output buffer driver IC, can be 
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eliminated, and an increase of the number of components can be reduced. 
It is thus possible to achieve an advantage that the size and the cost can 
be reduced. 

[0027] A clock shaping device of the invention is characterized in 
that the first clock signal selection portion includes- a first selection 
portion that receives an input of the reception clock signal and an input of 
the back-up clock signal, and selects and outputs either of the clock 
signals by the first selection signal; a reception clock signal loss detection 
portion that detects a loss in the reception clock signal when the reception 
clock signal is being selected in the first selection portion, and outputs the 
detection to the first selection portion in the form of a first switching 
signal, and in that the first clock signal selection portion switches the 
reception clock signal to the back-up clock signal by the first switching 
signal given with precedence over the first selection signal. 

[0028] According to the above configuration, there can be achieved 
an advantage that the (forced) switching by the first switching signal 
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given with precedence over the first selection signal can compensate for 
the securing of synchronization early, even when a delay in detection of an 
error, such as an omission, or a delay of the switching operation occurs in 
another apparatus or functional block. 

[0029] A clock shaping device of the invention is characterized in 
that the second clock signal selection portion includes- a second selection 
portion that receives an input of a clock signal outputted from the first 
clock signal selection portion and an input of a clock signal outputted from 
the quartz crystal oscillation circuit, and selects and outputs either of the 
clock signals by the second selection signal; and a back-up clock signal 
loss detection portion that detects a loss in the back-up clock signal when 
the back-up clock signal is being selected in the second selection portion, 
and outputs the detection to the second selection portion in the form of a 
second switching signal, and in that the second clock signal selection 
portion switches the back-up clock signal to the clock signal from the 
quartz crystal oscillation circuit by the second switching signal given with 
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precedence over the second selection signal. 

[0030] According to the above configuration, there can be achieved 
an advantage that the (forced) switching by the second switching signal 
given with precedence over the second selection signal can compensate for 
the securing of synchronization early, even when a delay in detection of an 
error, such as an omission, or a delay of the switching operation occurs in 
another apparatus or functional block. 

[0031] A clock shaping device of the invention is characterized in 
that the phase comparison portion includes" first dividing means for 
dividing a clock signal selected by the second clock signal selecting means; 
and second dividing means for dividing the feedback loop output signal. 

[0032] According to the above configuration, the clock signals 
inputted when phase comparison is performed can be compared at low 
frequencies. It is thus possible to achieve an advantage that an 
inexpensive, highly accurate phase comparison portion can be fabricated 
in the form of a low-speed IC. 
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[0033] A clock shaping device of the invention is characterized in 
that- each of the oscillation differential amplifier and the feedback buffer 
differential amplifier is a differential amplifier circuit using an ECL line 
receiver. 

[0034] According to the above configuration, an integrated circuit 
can be readily fabricated. It is thus possible to achieve an advantage that 
not only can the size and the power consumption of the voltage controlled 
oscillation circuit be reduced, but also the voltage controlled oscillation 
circuit is allowed to operate at a high speed. 

[0035] An electronic instrument of the invention is characterized 
by being provided with any of the clock shaping devices described above. 

[0036] According to the above configuration, the forced switching 
given with precedence over the selection signal from the outside can 
compensate for the securing of synchronization early, even when a delay 
in detection of an error, such as an omission, or a delay of the switching 
operation occurs in an external apparatus or another functional block. 
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Also, there can be achieved an advantage that an electronic instrument 
capable of compensating for the securing of synchronization by the clock 
signal from the quartz crystal oscillation circuit held in the clock shaping 
device, for example, an optical transceiver module, can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a block diagram showing the configuration of a 
clock shaping device according to a first embodiment. 

[0038] FIG. 2 is a block diagram showing in more detail the 
configuration of each functional block in the clock shaping device 
according to the first embodiment. 

[0039] FIG. 3 is a block diagram showing in detail the 
configuration of a voltage controlled SAW oscillation circuit. 

[0040] FIG. 4 is a circuit diagram showing the concrete 
configuration of en ECL line receiver. 

[0041] FIG. 5 is a block diagram showing the configuration of a 
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clock shaping device according to a second embodiment. 

[0042] FIG. 6 is a block diagram schematically showing the 
configuration of an optical transceiver module for an optical network, 
using the clock shaping device of the invention. 

[0043] FIG. 7 is a view schematically showing the configuration of 
a digital network to explain the master-slave synchronization system, 
which is one type of the network synchronization. 

[0044] FIG. 8 is a block diagram showing an example of the 
configuration of a conventional clock shaping device used in a 
transmission apparatus or the like forming the network synchronization. 

[0045] FIG. 9 is a block diagram showing another example of the 
configuration of a conventional clock shaping device used in a 
transmission apparatus or the like forming the network synchronization. 

[0046] FIG. 10 is a block diagram showing still another example of 
the configuration of a conventional clock shaping device used in a 
transmission apparatus or the like forming the network synchronization. 
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DETAILED DESCRIPTION 
[0047] Embodiments of the invention will now be described with 
reference to the drawings. 

[0048] (1) First Embodiment 
[0049] (1-1) Configuration of First Embodiment 
[0050] Configuration of Clock Shaping Device lA 
[0051] FIG. 1 is a block diagram showing the configuration of a 
clock shaping device lA according to a first embodiment of the invention. 

[0052] Referring to FIG. 1, the clock shaping device lA comprises- 
a first clock signal selection portion 2 that selects either the reception 
clock signal or the back-up clock signal from the outside and monitors a 
loss in the reception clock signal when the reception clock signal is being 
selected; a second clock signal selection portion 3 that selects either the 
clock signal selected in the first clock signal selection portion 2 or a clock 
signal from a quartz crystal oscillation circuit 4 and monitors a loss in the 
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back-up clock signal when the back-up clock signal is being selected; a 
phase comparison portion 5 that compares the clock signal from the 
second clock signal selection portion 3 with a feedback loop output signal 
and thereby generates a phase difference signal on the basis of the 
comparison result; a loop filter 6 that smoothes the phase difference signal 
and outputs the resulting signal in the form of a control voltage Vc; and a 
voltage controlled oscillation circuit 7 whose frequency of an output signal 
varies with the control voltage Vc. 

[0053] The voltage controlled oscillation circuit 7 can be either a 
voltage controlled quartz crystal oscillation circuit using an AT cut quartz 
crystal resonator or a voltage controlled SAW oscillation circuit using a 
SAW resonator. This embodiment of the invention will describe a case 
where the voltage controlled SAW oscillation circuit using the SAW 
resonator is used. 

[0054] A first characteristic of the clock shaping device according 
to the first embodiment of the invention is that two clock signal selection 
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portions, the first clock signal selection portion 2 and the second clock 
signal selection portion 3, are provided in the preceding stage of the 
conventional phase comparison portion. In the event of a loss in the 
reception clock signal, the first clock signal selection portion 2 detects the 
loss, and switches the reception clock signal to the back-up clock signal. 
Further, in the event of a loss in the back-up clock signal, the second clock 
signal selection portion 3 detects the loss, and switches the back-up clock 
signal to a clock signal from the quartz crystal oscillation circuit 4 held in 
the clock shaping device lA, and the synchronous compensation continues 
until the trouble is spread. Although it will be described in detail with 
reference to FIG. 2, in a case where a loss in each of the reception clock 
signal and the back-up clock signal is detected in the respective clock 
signal selection portions at the occurrence of trouble, the reception clock 
signal is switched to the back-up clock signal or the clock signal from the 
quartz crystal oscillation circuit 4 (forcibly) with precedence over a 
selection signal from the outside. A loss in the clock signal referred to 
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herein means a state where a clock signal is omitted for a certain time. In 
other words, it means, for example, a short-time omission state like an 
instantaneous interruption or a state where the omission continues for a 
relatively long time because a clock signal is not generated due to trouble 
in the transmission apparatus or in a line. 

[0055] A second characteristic of the clock shaping device lA of the 
first embodiment is that an output from a feedback buffer differential 
amplifier in a voltage controlled SAW oscillation circuit 7A, which will be 
described in detail with reference to FIG. 3, is used as a feedback loop 
output in the clock shaping device lA. In short, referring to FIG. 1, a 
feedback loop output terminal LPO of the voltage controlled SAW 
oscillation circuit 7 is used. 

[0056] FIG. 2 is a block diagram showing more in detail the 
configuration of each functional block of the clock shaping device lA 
described above. Also, FIG. 3 is a block diagram showing the 
configuration of the voltage controlled SAW oscillation circuit 7A. 
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[0057] Referring to FIG. 2, the first clock signal selection portion 2 
comprises* a first selection portion 21 that receives an input of a reception 
clock signal SR and an input of a back-up clock signal SB from the 
outside, and selects either of these signals by a first selection signal from 
the outside; and a reception clock signal loss detection portion 22 that 
detects a loss in a reception clock signal SI when the reception clock 
signal SR is being selected. 

[0058] Assume that the reception clock signal is a clock signal 
timing-extracted from the reception data from the transmission path, and 
the back-up clock signal is a clock signal supplied from an unillustrated, 
outside clock supply apparatus, which is in sync with the reference clock 
signal of the master station (main station) or a quasi-master station 
(quasi-main station). 

[0059] The reception clock signal loss detection portion 22 
monitors the selected reception clock signal SI, and upon detection of a 
loss therein, transmits a first switching signal CNTl to the first selection 
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portion 21. The first selection portion 21 then forcibly switches the 
reception clock signal SI to the back-up clock signal SB being inputted, by 
the first switching signal CNTl given with precedence over the first 
selection signal CNTl firom the outside. Afi;er the switching to the back- 
up clock signal SI, the reception clock signal loss detection portion 22 does 
not monitor the back-up clock signal. 

[0060] The second clock signal selection portion 3 comprises : a 
second selection portion 31 that receives an input of the clock signal SI 
selected in the first clock signal selection portion 2 and an input of a clock 
signal S2 from the quartz crystal oscillation circuit 4 and selects either of 
these signals by a second selection signal CNT2 from the outside; and a 
back-up clock signal loss detection portion 32 that detects a loss in a 
selected back-up clock signal S3. 

[0061] The back-up clock signal loss detection portion 32 monitors 
the back-up clock signal S3 selected in the first selection portion 21 and 
the second selection portion 31, and upon detection of a loss in the back-up 
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clock signal S3, transmits a second switching signal CNT2 to the second 
selection portion 21. The second selection portion 31 then forcibly 
switches the back-up clock signal S3 to the clock signal S2 from the quartz 
crystal oscillation circuit 4 by the second switching signal CNT2 given 
with precedence over the second selection signal CNT2 form the outside. 
After the switching to the normal reception clock signal SR or the clock 
signal S2 from the quartz crystal oscillation circuit 4, the back-up clock 
signal loss detection portion 32 monitors neither of these clock signals. 

[0062] The quartz crystal oscillation circuit 4 is used as a clock 
signal to secure temporal synchronization in circumstances where the 
occurrence of an omission continues in both the reception clock signal SR 
and the back-up clock signal SB described above. The quartz crystal 
oscillation circuit 4 can be either an oscillation circuit using an AT cut 
quartz crystal resonator or an oscillation circuit using a SAW resonator. 

[0063] The forced switching by the reception clock signal loss 
detection portion 22 or the back-up clock signal loss detection portion 32 is 
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advantageous in compensating for a delay in securing synchronization 
when an error, such as an omission, is detected or a time delay is 
generated in an operation to compensate for the error on the system side 
for some reason. 

[0064] The phase comparison portion 5 comprises^ an input 
dividing circuit (dividing ratio- 1/M, first dividing means) 51 and a 
feedback dividing circuit (dividing ratio^ 1/N, second dividing means) 53 
provided to the two input sides, respectively; and a phase comparison 
circuit 52. The dividing circuits are used to lower the frequency of a clock 
signal to be inputted at a high frequency. The clock signal S3 outputted 
from the second selection portion 31 and a feedback loop output signal S5 
from the voltage controlled SAW oscillation circuit 7 are divided in the 
input dividing circuit 51 and the feedback dividing circuit 53, respectively. 
Then, the phases of these clock signals are compared, and a signal at a 
voltage level corresponding to the phase difference is outputted to the loop 
filter 6. 
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[0065] Because the phase comparison portion 5, in which the 
input dividing circuit 51 and the feedback dividing circuit 53 are included 
in addition to the phase comparison circuit 52, can be readily formed from 
a low frequency circuit, it can be readily fabricated as an IC. 

[0066] The loop filter 6 smoothes a signal at the voltage level 
corresponding to the phase difference outputted from the phase 
comparison circuit 52, and outputs the resulting signal to the voltage 
controlled SAW oscillation circuit 7 in the form of the control voltage Vc. 

[0067] The voltage controlled SAW oscillation circuit 7 is a voltage 
controlled oscillation circuit that oscillates a SAW resonator X described 
below with reference to FIG. 3, and outputs a clock signal whose 
frequency varies in a range, for example, from several tens of MHz to 
several hundred MHz, in proportion to the voltage level of the control 
voltage Vc. 

[0068] Configuration of Voltage Controlled SAW Oscillation 
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Circuit 7A 

[0069] The configuration of the voltage controlled SAW oscillation 
circuit 7A will now be described with reference to FIG. 3. 

[0070] Referring to FIG. 3, the voltage controlled SAW oscillation 
circuit 7A comprises, at least- an ICl, which is an IC composed of three 
differential amplifiers, including an oscillation differential amplifier 71, 
an output differential amplifier 72, and a feedback buffer differential 
amplifier 73; a voltage controlled phase-shift circuit 74 that adjusts a 
quantity of phase-shift within a forward feedback oscillation loop; a SAW 
resonator X having a predetermined resonance frequency; and an 
impedance circuit (ZD) 75. Also, the forward feedback oscillation loop is 
formed from at least the oscillation differential amplifier 71, the feedback 
buffer differential amplifier 73, the voltage controlled phase-shift circuit 
74, and the SAW resonator X. 

[0071] Each of the oscillation differential amplifier 71, the output 
differential amplifier 72, and the feedback buffer differential amplifier 73 

32 



F009853 



9319S-000694 



is a differential amplifier circuit using an ECL line receiver (emitter- 
coupled logic). FIG. 4 is a circuit diagram showing the concrete 
configuration of the ECL line receiver. The ECL line receiver is a 
differential amplifier circuit having non-inverting and inverting 
differential inputs and differential outputs. The ECL line receiver is used 
for a circuit that needs to operate at high speeds like the voltage 
controlled SAW oscillation circuit at lower power consumption, and the 
resulting output signal can be used for conversion of the electric level used 
in the ECL differential amplifier circuit. 

[0072] The SAW (Surface Acoustic Wave) resonator attracts 
attention as a device that oscillates at a high frequency. The SAW 
resonator is a resonator using the property that energy concentrates in 
the vicinity of the surface of an elastic body and then propagates. A blind- 
shaped exciting electrode is placed on a piezoelectric substrate, and the 
surface wave excited by the exciting electrode is reflected to generate a 
stationary wave so as to function as a resonator. The SAW resonator has a 
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resonance frequency from several hundred MHz to several GHz and is 
used for a high frequency oscillation circuit. Also, the SAW resonator has 
a characteristic that it will not become a jitter- generating factor because 
the main vibration alone is present and unwanted vibration is absent 
therein. 

[0073] A terminal at the latter stage of the forward feedback 
oscillation loop of the SAW resonator X that generates and outputs a 
resonance signal is connected to the non-inverting input terminal Dl of 
the oscillation differential amplifier 71. 

[0074] Between the non-inverting input terminal Dl and the 
inverting input terminal D2 of the oscillation differential amplifier 71 is 
connected the impedance circuit (ZD) 75 used to generate a predetermined 
potential difference between the respective input terminals. Further, a 
bias voltage VBB outputted from the ICl is applied to the inverting input 
terminal D2 of the oscillation differential amplifier 71. It may be 
configured in such a manner that a resonance signal from the SAW 
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resonator X is inputted to the inverting input terminal D2 of the 
oscillation differential amplifier 71, and the bias voltage VBB is inputted 
to the non-inverting input terminal Dl. 

[0075] The non-inverting input terminal of the feedback buffer 
differential amplifier 73 is connected to the non-inverting output terminal 
Q+ of the oscillation differential amplifier 71, and the inverting input 
terminal of the feedback buffer differential amplifier 73 is connected to 
the inverting output terminal Q- of the oscillation differential amplifier 
71. A signal outputted from the non-inverting output terminal Ql of the 
feedback buffer differential amplifier 73 is used as a feedback loop output 
signal to the phase comparison portion 5 shown in FIG. 1 via the output 
terminal LPO. Also, a signal outputted from the non-inverting output 
terminal Q2 is inputted to the voltage controlled phase shift circuit 74 as 
a forward feedback oscillation loop output signal. Alternatively, the 
output of the non-inverting output terminal Ql may be used as the 
forward feedback oscillation loop output signal, and the output of the non- 
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inverting output terminal Q2 may be used as the feedback loop output 
signal to the outside phase comparison portion 5. 

[0076] Into the voltage controlled phase-shift circuit 74 is inputted 
the control voltage Vc, which is outputted from the loop filter 6 shown in 
FIG. 1 via the voltage control terminal Vt, and a quantity of phase-shift in 
the forward feedback oscillation loop is thereby controlled. 

[0077] The output differential amplifier circuit 72 is connected to 
the latter stage of the non-inverting output terminal Q-i- and the inverting 
output terminal Q- of the oscillation differential amplifier 71, and the 
oscillation waveform is subjected to waveform shaping, and is then 
outputted via the output terminals OUT+ and OUT- in the form of a clock 
signal. 

[0078] In the voltage controlled SAW oscillation circuit 7A 
described above, three differential amplifiers 71, 72, and 73 indicated as 
the ICl except for the SAW resonator X or the like are commercialized as 
general integrated circuits and are therefore readily available. It is thus 
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possible to omit some design steps to integrate the oscillation circuit. 

[0079] In a case where the clock shaping device lA is achieved by 
using the voltage controlled SAW oscillation circuit utilizing an output of 
the feedback buffer differential amplifier, there will be no mutual 
interference between an external output and the feedback loop output of 
the voltage controlled SAW oscillation circuit. In addition, a load circuit 
can be directly connected to the output of the voltage controlled SAW 
oscillation circuit without connecting the output buffer driver IC 
externally, so that it can be used as an output of the clock shaping device 
lA. 

[0080] (1-2) Operations in First Embodiment 

[0081] Operations in the first embodiment of the invention will 
now be described with reference to FIG. 2 and FIG. 3. 

[0082] Normal Operation 

[0083] Initially, a case where the reception clock signal SR 
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inputted from the outside is normal will be described. 

[0084] Referring to FIG. 2, the reception clock signal SR is 
inputted to the input terminal FIN and the back-up clock signal SB is 
inputted to the input terminal FBK independently. The reception clock 
signal SR is selected in the first selection portion 21 by the first selection 
signal CNTl inputted from the control terminal SELL The selected 
reception clock signal Si is inputted to the second selection portion 31 
together with the clock signal S2 from the quartz crystal oscillation circuit 
4, and the reception clock signal Si is further selected by the second 
selection signal CNT2 inputted from the control terminal SEL2. The 
selected reception clock signal S3 and the feedback loop clock signal S5 
from the output terminal LPO of the voltage controlled SAW oscillation 
circuit 7 are inputted to the phase comparison portion 5, and divided in 
the input dividing circuit 51 and the feedback dividing circuit 53, 
respectively. Then, the phases are compared in the phase comparison 
circuit 52 on the basis of each divided low-frequency clock signal. The 
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comparison result is outputted in the form of a phase difference signal S4, 
and the loop filter 6 smoothes the phase difference signal S4 and outputs 
the resulting signal to the voltage controlled SAW oscillation circuit 7 in 
the form of the control voltage Vc. 

[0085] In the voltage controlled phase-shift circuit 74 shown in 
FIG. 3, the phase of the clock signal outputted from the inverting output 
terminal Q2 of the feedback buffer differential amplifier 73 is adjusted to 
an adequate phase on the basis of the control voltage Vc inputted from the 
voltage control terminal Vt. The clock signal from the non-inverting 
output terminal Ql of the feedback buffer differential amplifier 73 is then 
outputted in the form of the feedback loop output signal S5 of the clock 
shaping device lA via the feedback loop output terminal LPO, and 
inputted to the phase comparison portion 5 shown in FIG. 2. 

[0086] Erroneous Operation 

[0087] Operations in the event of an error, such as an omission, in 
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the reception clock signal SR or the back-up clock signal SB inputted from 
the outside will now be described. Herein, operations will be described on 
the assumption that the clock shaping device detects an error at the 
earliest stage, due to a delay in detection of an error or a delay of the 
switching operation in another system or transmission apparatus, etc, 

[0088] Assume a state that transmission of data is not performed 
normally due to the occurrence of line trouble on the transmission path 
and the reception data is not timing-extracted normally, for example, the 
occurrence of an omission in the reception clock signal SR continues for a 
certain time. In this case, an omission is occurring also in the reception 
clock signal SI selected in the first selection portion 21 shown in FIG. 2, 
and this omission is detected by the reception clock signal loss detection 
portion 22. The reception clock signal loss detection portion 22 then 
. generates the first switching signal CNTl and outputs the same to the 
first selection portion 21. In the first selection portion 21, the reception 
clock signal SI is forcibly switched to the back-up block signal SB by this 
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first switching signal CNTl, and the synchronization is thus compensated 
for on the basis of the back-up clock signal SB. 

[0089] Further, for example, assume that an error, such as an 
omission, occurs in an unillustrated clock supply apparatus installed in 
the slave station, and the occurrence of a loss in the back-up clock signal 
SB also continues for a certain period. In this case, the omission in the 
back-up clock signal SI selected in the first selection portion 21 is detected 
in the back-up clock signal loss detection portion 32, and the detection 
portion 32 then generates the second switching signal CNT2 and outputs 
the same to the second selection portion 31. In the second selection 
portion 31, the back-up clock signal SB is forcibly switched to the clock 
signal S2 from the quartz crystal oscillation circuit 4 by the second 
switching signal CNT2, and the synchronization is thus compensated for 
on the basis of the clock signal S2. 

[0090] Operations after the switching to the back-up clock signal 
or the clock signal from the quartz crystal oscillation circuit 4 are 
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performed in the same manner as those in the normal state, and the 
detailed description thereof is omitted. 

[0091] (1-3) Advantage Achieved in First Embodiment 
[0092] As has been described, according to the first embodiment of 
the invention, the advantages such as the following can be achieved. 

[0093] The first clock signal selection portion that selects either 
the reception clock signal or the back-up clock signal from the outside, and 
the second clock signal selection portion that selects either the clock 
signal outputted from the first clock signal selection portion or the clock 
signal from the quartz crystal oscillation circuit are provided. It is thus 
possible to secure the synchronization in the system according to the back- 
up clock signal when en error, such as an omission, occurs in the reception 
clock signal. Further, there can be achieved an advantage that, when an 
error, such as an omission, occurs also in the back-up clock signal, the 
synchronization in the system can be secured by the clock signal according 
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to the quartz crystal oscillation circuit held in the clock shaping device. 

[0094] Also, when a loss is occurring in the selected clock signal 
per se, the first and second clock signal selection portions are able to 
detect the loss by means of the reception clock signal loss detection 
portion or the back-up clock signal loss detection portion, thereby forcibly 
switching the clock signals. By the forced switching performed with 
precedence over the selection signal from the outside, it is possible to 
achieve an advantage that the synchronization can be secured early, even 
when a delay in detection or a delay of the switching operation occurs in 
another apparatus or functional block. 

[0095] Also, this embodiment adopts the configuration that an 
output from either of the output terminals, that is, the non-inverting 
output terminal and the inverting output terminal, of the feedback buffer 
differential amplifier in the voltage controlled SAW oscillation circuit is 
used as a feedback loop output. This configuration prevents the level of 
the output amplitude from being lowered due to mutual influence, and 
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makes it possible to avoid adverse influence like unbalance or a phase 
difference in output amplitude between the non-inverting and inverting 
output terminals in the case of a differential amplifier. It is thus possible 
to achieve an advantage that jitter generated by the foregoing influence 
can be eliminated. 

[0096] Also, it is no longer necessary to insert an output buffer 
driver IC comprising individual components to the output portion of the 
voltage controlled SAW oscillation circuit in order to avoid the foregoing 
influence, and the number of components can be reduced. It is thus 
possible to achieve an effect that the size and the cost can be reduced. 

[0097] Also, the phase comparison portion includes two dividing 
circuits having dividing ratios corresponding to the frequencies of the 
clock signals to be inputted, and is thereby able to compare the signals at 
low frequencies in the phase comparison circuit. It is thus possible to 
achieve an advantage that an inexpensive, highly accurate phase 
comparison portion can be fabricated in the form of a lowspeed IC. 
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[0098] (2) Second Embodiment 
[0099] (2-1) Configuration of Second Embodiment 
[0100] FIG. 5 is a block diagram showing the configuration of a 
clock shaping device IB according to a second embodiment. A difference 
from the clock shaping device lA according to the first embodiment is a 
voltage controlled SAW oscillation circuit 7B, which is configured in such a 
manner that an amplifier having a single input terminal and a single 
output terminal is used instead of the differential amplifier. Hence, the 
configuration of the voltage controlled SAW oscillation circuit 7B will be 
described herein. 

[0101] Referring to FIG. 5, the voltage controlled SAW oscillation 
circuit 7B comprises at least a SAW resonator X, an oscillation amplifier 
77, a feedback buffer amplifier 78, an IC2 which is an IC composed of n 
plural output amplifiers 79*1, 79-2, and 79-n, and a voltage controlled 
phase-shift circuit 44. A forward feedback oscillation loop is formed from 
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at least the oscillation amplifier 77, the feedback buffer amplifier 78, the 
voltage controlled phase -shift circuit 44, and the SAW resonator X. An 
output signal from the oscillation amplifier 77 is branched via the plural 
output amplifiers 79-1, 79*2, and 79-n, and the resulting signals are 
used as output signals of the clock shaping device IB. In this case, for 
example, an output from the output amplifier 79-n can be used as the 
feedback loop output signal. 

[0102] (2-2) Operations in Second Embodiment 

[0103] Operations in the second embodiment of the invention will 
now be described with reference to FIG. 5. 

[01 04] Operations from the input of the reception clock signal SR 
or the back-up clock signal SB up to the output of the control voltage Vc 
from the loop filter 2 are the same as those in the first embodiment above. 
The detailed description of the same operations is therefore omitted and 
only the difference will be described. 
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[0105] Referring to FIG, 5, a resonance signal, generated in the 
SAW resonator X whose frequency is controlled by the voltage controlled 
phase-shift circuit 74 into which the control voltage Vc is inputted, is 
inputted into the oscillation amplifier 77 via an input terminal D of the 
IC2. An output from the oscillation amplifier 77 is outputted as output 
signals of the clock shaping device IB from the output terminals OUTl 
through n via the plural output amplifiers 79-1, 79-2, and 79-n, 
respectively. The feedback loop output signal S5 is outputted from the 
output terminal OUTn (LPO) to the phase comparison portion 5. 

[0106] Operations as described above are repeated in the clock 
shaping device IB. 

[0107] (2-3) Advantages Achieved in Second Embodiment 
[0108] As has been described, according to the second 
embodiment, not only the same advantages as those achieved in the first 
embodiment above, but also advantages such as the following can be 
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achieved. 

[0109] Conventionally, the output of the clock signal is used also 
as the feedback loop output, and therefore an output buffer driver IC is 
needed as an external IC to avoid mutual influence. According to the 
second embodiment, however, the output signal of the oscillation amplifier 
is branched via plural output amplifiers provided inside the IC, and one of 
the outputs of the output amplifiers can be used as the feedback loop 
output signal. As a consequence, the need to add an extra component, 
such as an external output buffer driver IC, can be eliminated, which 
suppresses an increase of the number of components. It is thus possible to 
achieve an advantage that the size and the cost are reduced. 

[0110] Also, when the output buffer driver IC is used, wiring used 
to connect the output amplifier and the output buffer driver IC gives rise 
to a phase difference between the respective output signals. However, by 
forming the output signal of the oscillation amplifier via the output 
amplifiers provided in the IC as in the second embodiment, it is possible to 
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achieve an advantage that no phase difference is generated between the 
output signals. 

[01 1 1 ] (3) Third Embodiment 

[01 12] A third embodiment of the invention will now be described. 

[01 1 3] FIG. 6 is a view schematically showing the configuration of 
an optical transceiver module for an optical network, using the clock 
shaping device according to the first embodiment described above. 

[0114] An optical transceiver module 100 achieves an interface 
function, for example, between a server computer and an optical network 
for light-to-electric conversion and electricto-light conversion as well as 
multiplexing and demultiplexing. 

[0115] As is shown in FIG. 6, a clock shaping device 103 receives 
an input of a low -frequency clock signal (RCK) with considerable jitter, 
which is timing-extracted in a timing-extracting portion 106, and an input 
of a back-up clock signal (TxRCK) transmitted from an unillustrated, 
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outside clock supply apparatus or the like. In a normal state, the clock 
signal (RCK) with considerable jitter is selected by the first and second 
selection signals CNTl and CNT2 in the clock shaping device 103 of the 
invention, and shaped into a high-frequency clock signal (SCK) with a 
little jitter. The clock signal (SCK) is used as a clock signal to multiplex N 
pieces of transmission data (TxDATA) into a single piece of transmission 
data in a multiplexing portion 101. 

[0116] Operations of the optical transceiver module 100 will now 
be described with reference to FIG. 6. 

[0117] The timing-extracting portion 106 extracts a high- 
frequency clock signal from the data of an electric signal converted from a 
reception optical signal in a light-to-electric converting portion 105. In a 
normal state where the reception clock signal (RCK) is selected by the 
first and second selection signals CNTl and CNT2 in the clock shaping 
device 100 of the invention, the reception clock signal (RCK) with 
considerable jitter is converted into a high-frequency clock signal (SCK) 
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with a little jitter in the clock shaping device 103, and transmitted to the 
multiplexing portion 101. The multiplexed transmission data is then 
converted into an optical signal (OPOUT) in an electricto-light converting 
portion 102, and transmitted to the optical transmission path. 

[0118] When an omission occurs in the extracted reception clock 
signal (RCK) due to an error in the reception data for some reason, the 
reception clock signal (RCK) is switched to the back-up clock signal 
(TxRCK) from the outside in the clock shaping device 103 by the first 
selection signal CNTl, and converted into the high-frequency clock signal 
(SCK). The clock shaping device 103 then transmits the high-frequency 
clock signal (SCK) to the multiplexing portion 101, and the transmission 
processing is performed in the same manner as above. In a case where a 
loss is acknowledged also in the back-up clock signal (TxRCK), the back- 
up clock signal (TxRCK) is converted to the high-frequency clock signal 
(SCK) according to the clock signal from the quartz crystal oscillation 
circuit in the clock shaping device 103 by the second selection signal CNT2 
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from the outside, and transmitted to the multiplexing portion 61. 

[0119] In particular, in a case where a delay in detection of an 
error, such as an omission, in the reception clock signal or the back-up 
clock signal and a delay of the switching operation occurs on the system 
side, and such an error is detected in the clock shaping device 103 from 
the delay, the clock signal is forcibly switched to the back-up clock signal 
or the clock signal from the quartz crystal oscillation circuit described 
above in an effective manner. 

[0120] In other words, by using the clock shaping device 103 of the 
invention in the optical transceiver module 100, it is possible to detect an 
omission in the clock signal in the clock shaping device 103 upon 
occurrence of a loss in the selected clock signal, and thereby to forcibly 
switch the clock signal to the back-up clock signal or the clock signal from 
the quartz crystal oscillation circuit held therein. In particular, there can 
be achieved an advantage that, in a case where a delay in detection of an 
error, such as an omission, or a delay of the switching operation occurs in 
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the external apparatus or another functional block, the securing of 
synchronization can be compensated for early by the preferential 
switching. 

[0121] Also, in a case where the reception clock signal with 
considerable jitter is inputted, it is possible to convert such a reception 
clock signal into a high-frequency clock signal with a very little jitter by 
means of the clock shaping device 103 of the invention to be supplied to 
the multiplexing portion 61. This secures a timing margin between the 
transmission data (TxDATA x N) to be multiplexed in the multiplexing 
portion 101 and the clock signal. It is thus possible to achieve an 
advantage that a malfunction of the transmission data of the multiplexing 
portion 101 can be prevented. 

[0122] The clock shaping device lA of the first embodiment was 
used as an example to describe the third embodiment. It should be 
appreciated, however, that the same advantages can be achieved when the 
clock shaping device IB of the second embodiment is used instead. 
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[01 23] (4) Modification of Embodiments 

[0124] The invention is not limited to the embodiments described 
above, and can be modified in various manners. For example, 
modifications such as the following are possible. 

[0125] A case where the clock shaping device was used in the 
optical transceiver module for an optical network has been described. 
However, the clock shaping device may be applied to electronic 
instruments of various kinds, including wireless communications devices, 
such as a mobile phone operating at high frequencies. 

[0126] Also, the clock shaping device has been described by using 
the SAW resonator, or a so-called surface acoustic wave element, as the 
clock source. However, it may be configured in such a manner that an AT 
cut quartz crystal resonator is used instead. 

[0127] Further, in regard to piezoelectric materials forming a 
piezoelectric resonator, such as a quartz crystal resonator, a ceramic 
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resonator, and a SAW resonator, langasite and LBO (Lithium 
Tetraborate), etc. may be used as piezoelectric materials other than quartz 
crystal. 
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